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(57) ABSTRACT

The present invention is characterized by the use of Mas-G-
protein-coupled receptor agonists for the control, prevention
and treatment of the body levels of triglycerides, cholesterol
and glucose, as well as of hyper-tension and possible increase
in body weight, which are characteristic of the clinical mani-
festation of the metabolic syndrome and its complications.
Another characteristic of the invention is the use of Mas-G-
protein-coupled receptor agonists, including the Angio-
tensin-(1-7) peptide and its analogs, agonists, either peptidic
or non-peptidic, as modulators of the manifestations of insu-
lin resistance and glucose intolerance and in the prevention
and treatment of the related alterations. The invention claims
the use of MAS-G-protein-coupled receptor agonists, formu-
lated with pharmaceutically and pharmacologically accept-
able excipients or carriers, and Mas-G-protein-coupled
receptor agonists, including the Angiotensin-(1-7) peptide
and its analogs, agonists, either peptidic or non-peptidic, as
modulators of the metabolic syndrome, the diseases that com-
pose it and its complications.
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Figure 13
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USE OF MAS-G-PROTEIN-COUPLED
RECEPTOR AGONISTS IN THE TREATMENT
OF THE METABOLIC SYNDROME, ITS
COMPONENTS AND ITS COMPLICATIONS

[0001] The present invention relates to the use of MAS-G-
protein-coupled receptor agonists as a mechanism of control,
prevention and treatment of triglycerides, cholesterol and
glucose levels in the body, as well as of the control over the
increase in body weight and hypertension, characteristics of
the manifestation of the metabolic syndrome and its compli-
cations.

[0002] Another characteristic of the invention relates to the
use of MAS-G-protein-coupled receptor agonists, including
the angiotensin-(1-7) peptide and its analogs, agonists, either
peptidic or non-peptidic, as modulators of the manifestations
of resistance to insulin and intolerance to glucose, and in the
prevention and treatment of the related alterations and dis-
eases.

[0003] The invention furthermore relates to the use of
MAS-G-protein-coupled receptor agonists, formulated with
pharmaceutically and pharmacologically acceptable excipi-
ents or carriers, and MAS, G-protein-coupled receptor ago-
nists, including the angiotensin-(1-7) peptide and its analogs,
agonists, either peptidic or non-peptidic, as modulators of the
metabolic syndrome, the diseases that compose it and its
complications.

[0004] The metabolic syndrome, also known as insulin-
resistance syndrome, is characterized by the variable coexist-
ence of obesity, hyperinsulinemia, dislipidemy and hyperten-
sion. Other findings include proinflammatory state,
microalbuminuria and hypercoagulability. The set of risk fac-
tors that identify the metabolic syndrome was recognized for
the first time in 1983. In 1988, Reaven introduced the term X
syndrome and identified the resistance to insulin, defined as
the smallest capitation of glucose by the peripheral tissues, as
the ordinary physiological substrate of the syndrome.

[0005] Other synonyms have been used for designating this
constellation of risk factors (dislipidemia, resistance to insu-
lin, hypertension and obesity), such as plurimetabolic syn-
drome, insulin-resistance syndrome and mortal quartet,
among others [Miname M H; Chacra A P M. Sindrome Meta-
bolica (Metabolic syndrome). Revista Sociedade Cardiol.
Est. Sdo Paulo 6:482-489, 2005].

[0006] In 1998, the World Health Organization established
the unified term metabolic syndrome, since studies did not
identify the presence of resistance to insulin as a single causal
factor of all the components of the syndrome. The pathogen-
esis of the syndrome is multifactorial, obesity, sedentary life,
dietand interaction with genetic factors being responsible for
the appearance there of. Mutations and polymorphisms in the
genes associated with resistance to insulin, abnormalities in
the adipocytes, hypertension and lipidic alterations play a
central role in the etiopathogeny of the syndrome.

[0007] The diagnosis of the metabolic syndrome seems to
identify patients with an additional cardiovascular risk with
respect to the classic risk factors. In 2001, the “Third Report
of the National Cholesterol Education Program Expert Panel
on Detection, Evaluation and Treatment of High Blood Cho-
lesterol in Adults “(NCEP-ATPPIII) [Executive Summary of
The Third Report of the National Cholesterol Education Pro-
gram Expert Panel on Detection, Evaluation and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel
11I). JAMA 2001; 285:2486-97], proposed the diagnostic cri-
teria for the metabolic syndrome, based on five parameters:
abdominal circumference, triglycerides, high-density lipo-

Sep. 3, 2009

protein (HDL-cholesterol), blood pressure and fasting glyce-
mia [Miname M H; Chacra A P M. Sindrome Metabolica
(Metabolic syndrome). Revista Sociedade CArdiol Est. Sdo
Paulo 6:482-489, 2005].

[0008] Dislipidemia, the main alteration encountered in the
metabolic syndrome, is characterized by an increase in the
circulating free fatty acids and by the rise in triglycerides
(inadequate esterification). Another alteration is a failure of
the adipocytes in retaining the free fatty acids inside them,
increasing the flow thereofto the circulation. This mechanism
is facilitated by the resistance to insulin. These alterations
increase the amount of free fatty acids to the liver.

[0009] In the resistance to insulin, the liver stimulates the
hepatic synthesis of triglycerides, since it promotes the re-
esterification of these fatty acids, forming triglycerides,
which are released into the circulation in the form of very low
density lipoproteins (VLDL) [Miname M H; Chacra A P M.
Sindrome Metabolica (Metabolic syndrome). Revista
Sociedade CArdiol. Est. Sdo Paulo 6:482-489, 2005].
[0010] The renin-angiotensin-system (RAS) constitutes a
coordinated hormonal cascade that is initiated by the biosyn-
thesis of the renin enzyme by the juxtaglomerular cells of the
renal arterioles. Renin is then released by these cells through
exocytosis, acting enzymatically on the angiotensinogen
(AGT), cleaving it to an inactive decaptide, angiotensin I
(Ang I), which in turn will be catabolized by the angiotensin
converting enzyme (ACE) into an octapeptide that is biologi-
cally active, angiotensin 11 (Ang II).

[0011] Renin does not have a direct biological (non-enzy-
matic) action, but its receptor has been recently identified,
which exerts direct biological actions [Nguyen, G. et al
(1996). Specific receptor binding of renin on human mesan-
gial cells in culture increases plasminogen activator inhibitor
1 antigen. Kidney Int. 50, 1897-1903; Nguyen, G. et al (2002)
Pivotal role of the renin/prorenin receptor in angiotensin II
production and cellular responses to renin. J. Clin Invest. 109,
1417-11427]. Other enzymes act on the AGT to form Ang 11
(catepsins and kimases), joining the renin in this catalysis.
[0012] The RAS (renin-angiotensin system) has been rec-
ognized as an important regulator of the systemic blood pres-
sure and of the renal hydroelectrolytic balance. In the past
decade, a number of components of this system were identi-
fied in adrenal glands, kidneys, brain, heart and blood vessels.
Recently, substantial data indicate the presence of compo-
nents of the RAS in the adipose [Massiera F, Seydoux .
Geloen A et al Angiotensin-deficient mice exhibit impairment
of diet induced weight gain with alteration in adipose tissue
development and increased locomotor activity. Endocrinol-
ogy 142:5220-5225, 2001].

[0013] Besides, the local RAS has been implied as co-
adjuvant in pathologic processes through the modulation of
the genetic expression, of the growth, fibrosis and possibly of
the inflammatory response. Some components of the RAS
have already been identified in the adipocytes, such as: the
AGT, renin, ACE, Ang Ii and the angiotensinergic receptor-
SAT, andAT,.

[0014] Among the metabolic alterations associated to the
adipose tissue, one can point out: greater activity of plasma
renin, higher plasma level of angiotensinogen, greater activ-
ity of the ACE, and a higher plasma level of aldosterone
[Engeli S, Negrel Raymond, Sharma A Physiology of the
adipose tissue renin-angiotensin system. Hypertension 35:
1270-1277, 2000]. The levels of mRNA of AGT are 60%
higher in the adipose tissue than in the liver, considered so far
the main source of substrate of the renin [Harp I B, DiGiro-
lamo M. Components of the renin-angiotensin system in adi-
pose tissue: changes with maturation and adipose mass
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enlargement. J. Gerontol A Biol Sci Med. Sci. 50: B270-276,
1995]. Ithas been demonstrated that the expression mRNA of
the AGT 1is regulated by free fatty acids, and studies with
Wistar-Kyoto rats have shown that the aging, generally asso-
ciated with weight gain, resulted in the decreased expression
of the AGT in the adipose tissue of these rats and of obese
Wister rats, but not in Sprague-Dawley rats and in obese
Zucker rats [Harp J B, DiGirolamo M. Components of the
renin-angiotensin system in adipose tissue: changes with
maturation and adipose mass enlargement. J. Gerontol A Biol
Sci Med. Sci. 50: B270-276, 1995]; Giacchetti G, Faloia E,
SarduC, et al. Different gene expression of the RAS in human
subcutaneous and visceral adipose tissue: Intern J Obes Relat
Metab Discord. 23 (suppl 5): S71,1999. Abstract].

[0015] In addition, the expression of AGT is higher in vis-
ceral adipocytes than in subcutaneous adipocytes in these
types of rats, as well as in the human species [Safonova I,
Aubert I, Negrel R, Athaud G. Regulation by fatty acids of
angiotensinogen gene expression in preadipose cells. Bio-
chem J322: 235-239, 1997].

[0016] A positive relation between levels of AGT in the
plasma and the pressoric levels was first desctibed in 1979 by
Walker et al [Walker W G, Whelton P K, Saito H, Russel R P,
Hermann J. Relation between blood pressure and renin, renin
substrate, angiotensin 11, aldosterone and urinary sodium and
potassium in 574 ambulatory subjects. Hypertension 1:287-
291, 1979] and has been confirmed, not only in human beings
[Caulfield M, Lauvender P, Newell-Priced ], Jamdar S, Far-
rall M, Clark A T L. Angiotensinogen in human essential
hypertension. Hypertension 28: 1123-1125,1996], but also in
models of sporadically hypertensive rats [Nyhui N, Tamura
K, Yamaguchi S, et al. Tissue Angiotensinogen gene expres-
sion induced by lipopolysaccharide in hypertensive rats.
Hypertension 30:859-867, 1997, Alonso-Galicia M, Brands
MW, Aappe D H, Hall ] E. Hypertension in obese Zucker rats:
role of angiotensin I and adrenergic activity. Hypertension
28:1047-1054, 1996].

[0017] Itis interesting to note that some studies have found
positive correlation between the levels of plasma AGT and the
body-mass index indifferent human populations. Also, one
has already described the relation between obesity and poly-
morphism of AGT in a genetically isolated population. Not
only the AGT, but also the activity of renin and the activity of
plasma ACE, have been positively correlated to the body-
mass index in obese subjects [Boustany C M, Bharadwaj K, et
al Activation of the systemic and adipose renin-angiotensin
system in rats with diet-induced obesity and hypertension.
AmJ Physiol Regul Integr Corn Physiol 287: 943-949, 2004].
These results have not been observed in obese Zucker rats;
however, the infusion of Ang II lead to a more prominent
increase in the blood pressure in obese rats if compared with
the thin animals [Crandall D L, Herzlinlinger H E, Sauders B
D, et al Developmental aspects of the adipose tissue renin-
angiotensin system: therapeutic implications. Drug Dev Res
32:117-125, 1994].

[0018] Ang II exerts its most potent and known effect
(vasoconstriction) and others through theAT, receptor, but
recently its second receptor, AT, has been characterized, in
most cases proving to exert effects opposite the actions medi-
ated viaAT, receptor.

[0019] Itwas believed that Ang II was metabolized in frag-
ments of biologically inactive peptides by circulation and
tissular peptidases; however, studies have shown that at least
three of these metabolic products exhibited a biological activ-
ity.

[0020] Ang II can be degraded to des-aspartic’-ang I1 (Ang
1I), which is equipotent to Ang II in its interaction with the
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AT1 receptor, but has low efficacy in vivo due to its acceler-
ated metabolism in the circulation. The second metabolic
product of Ang 1T is the hexapeptide Ang TV, which has been
demonstrated, in studies, to cause vasodilation and natriuresis
([Handa R. K. et al (2001) Autoradiographic analysis and
regulation of angiotensin receptor subtypes AT (4), AT (1)and
AT (1-7) INTHE KIDNEY. 4m. J. Physiol. 281,F936-F947].
[0021] Angiotensin-(1-7) is the third and most promising
metabolite of Ang II, since recent studies already indicate its
possible therapeutic role ([Santos, R. A. S. et al (2005) Angio-
tensin-(1-7)) and its receptor as a target for new cardiovascu-
lar drugs. Expert Opin. Investig. Drugs 14(8), 1019-1031],
and it is formed directly from Ang II or by parallel ways, by
the action of the recently identified angiotensin II converting
enzyme (ACE 2) [Donoghue, M. et al (2000) A novel angio-
tensin-converting enzyme related carboxypeptidase (ACE 2)
converts angiotensin I to angiotensin (1-9). Circ. Res. 87, 1-9;
Crackower, M. A. et al (2002) Angiotensin converting
enzyme 2 is an essential regulator of heat function. Nature
417-822-828].

[0022] Ang (1-7) releases nitric oxide (NO) and prostag-
landins (PGI,) casing vasodilation, inhibiting the cellular
proliferation and thrombogenesis ([Rajedran S, Chirkov Y'Y,
Campbell D I, Horowitz J D. Angiotensin-(1-7) enhances
antiaggregatory effects of the nitric oxide donor sodium nitro-
prusside. J. Cardiovasc Pharmacol (46(4):459-463, 2005,
Kucharewicz 1, Pawlak R, Matys T et al. Antithrombotic
effect of captopril and losartan is mediated by angiotensin-
(1-7). Hypertension 40 (5):774-9, 2002] attenuating the vaso-
constrictive effect of Ang IT[Lemos V S, Cortes S F, Silva D
M, CampagnoleSantos M J, Santos R A. Angiotensin-(1-7) is
involved in the endothelium-dependent modulation of the
phenylephrine-induced contraction in the aorta of mRen-2
transgenic rats. Br J Pharmacol 135 (7):1743-8, 2002; Clark
M A, Diz D I, Tallant E A. Angiotensin-(1-7) downregulates
the angiotensin II type I receptor in vascular smooth cells.
Hypertension 37:1141-1146, 2001] and inhibiting the ACE
[Deddish P A, Marcic B, Jackmann H L, et al. N-domain
specific substrate and C-domain inhibitors of angiotensin-
converting enzyme: angiotensin-(1-7) and Keto-ACE.
Hypertension 31:912-917, 1998]. Instabilities in the har-
monic interaction between Ang II and Ang-(1-7) seem to
contribute to the beginning and development of pathologies.

[0023] The angiotensinergic receptorsAT, andAT, of Ang
1T were identified in adipocytes of rats and humans, although
the functionality of these needs to be better determined. In
vivo, the expression of the gene forAT, in the adipose tissue
seems to be dependent on the age, since one has observed a
better density ofAT, receptors in aged and obese Sprague-
Dawley rats when compared with young and thin rats. Studies
using adipose cell culture show that the AGT and the Ang 11
participate in the regulation and differentiation of the pheno-
type of the adipocyte. It is probable that the increase in the
contents of triglycerides and in the activity of two lipolitic
enzymes, fatty acid synthase and glycerol-3-phosphate dehy-
drogenase are mediated by Ang II, showing that this peptide
controls adiposity by regulation of the synthesis and storage
of lipids. In addition, Ang II participates in the release of
norepinephrine by the sympathetic nervous system (SNS).

[0024] Ithas been demonstrated that the chronic infusion of
Ang I results in an important reduction of weight and in the
intake of foods, possibly by the greater release of norepineph-
rine, which would contribute to the increase in the metabolic
activity and the rise in the consumption of energy. This effect
of Ang II proved to be independent from the changes in the
blood pressure and was abolished by losartan. Also, it was
already seen that in culture of adipose cells, Ang II is an
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adipogenic factor, while in a live animal, it acts as an impor-
tant reducer of weight and adipose mass. In addition to a
significant relation between the artificial pressure, the body-
mass index and the levels of the plasma AGT in normotensive
and thin subjects [Engeli S, Negrel Raymond, Sharma A
Physiology of the adipose tissue renin-angiotensin system.
Hypertension 35: 1270-1277, 2000].

[0025] Studies report that approximately 20% of the varia-
tion of plasma AGT is liable to be explained by the levels of
leptin present in the plasma. Taking plasma leptin as an indi-
cator of the adipose tissue mass, this observation could be
explained by the contribution of the adipose tissue to the
levels of plasma AGT [Prasad A, Quyymi A Renin-angio-
tensin system and angiotensin receptor blocker in the meta-
bolic syndrome. Circulation 110: 1507 1512, 2004]. How-
ever, the expression of AGT was not different in the adipose
tissue of the obese subject if compared with thin subjects and
obese subjects—hypertensive with normotensive obese sub-
jects.

[0026] On the other hand, positive correlations were
reported between the expression of AGT of the adipose tissue
and the waist/hip relation, as well as between the secretion of
AGT by isolated adipocytes and a set of adipocytes and body-
mass index. Results of a recent research, in which one evalu-
ated the relations between AGT, leptin and levels of blood
pressure in a group of normotensive young men evidenced
that the substrate of renin was significantly correlated with the
body-mass index, plasma levels of leptin and blood pressure,
in the subjects with a positive history for systemic arterial
hypertension (SAH).

[0027] Thus, it was demonstrated that the circulating levels
of AGT can contribute for the relation between the body
weight and the blood pressure. Another factor evidenced was
the relatively greater capacity of the visceral tissue in secret-
ing the components of the RAS, which might be one more
factor for justifying the greater cardiovascular risk associated
to the central distribution of the fat ([Prasad A, Quyyumi A
renin-angiotensin system and angiotensin receptor blockers
in the metabolic syndrome. Circulation 110: 1507-1512,
2004].

[0028] Experimental studies suggest that the RAS of the
adipose tissue, regulated by hormonal and nutritional factors,
is influenced by the degree of obesity, and that Ang II can
modulate the blood flow, growth factors and the local metabo-
lism. Thus, the activation of the RAS can culminate in local
and systemic deleterious effects on obese patients and can
contribute to the appearance of the HAS and of the resistance
to insulin on these patients. The resistance to insulin, in its
turn, is associated with the reduction in the burning and
increase in the release of the free fatty acids, which are con-
verted in the liver into very low density lipoproteic (VL.DL)
particles rich in triglycerides.

[0029] Hypertriglyceridemia leads to a dislipidemic and
highly atherogenic state, through the increase of the synthesis
of easy-to-oxidize low density lipoproteic (LDL) particles
and, at the same time, to the reduction of the high density
lipoproteic (HDL) particles [Ginsberg HN. Insulin resistance
and cardiovascular resistance. J Clin Invest 106: 453-458,
200]. However, the atherogenic profile evidenced in the car-
rier of the metabolic syndrome (MS) is the result of factors
such as vascular dysfunction, a proinflammatory and proco-
agulating state, dislipidemia, HAS and insulin resistance.
[0030] Observational and prospective studies have sug-
gested that the insulin resistance can have a crucial role to
predict the incidence and the mortality related to cardiovas-
cular diseases such as the coronary artery disease and
encephalic vascular accident ([Ginsberg H N. Treatment of
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patients with the metabolic syndrome. Am J Cardiol 91
(suppl): 29E-39E, 2003]. Both in the insulin resistance state
and in the metabolic syndrome, the endothelial dysfunction
can be evidenced in an important way, being mainly accom-
panied by the reduction of the bioavailability in the NO.

[0031] In turn, the reduction of NO results in a greater
production of reactive oxygen species (ROS), such as the
superoxide ions (O°~). The superoxide ions activate the NO to
form peroxynitrite, which in turn uncouples the endothelial
nitric oxide synthase by oxidation of its co-factor, tetrahydro-
biopterin, which results in the production of more O°7,
instead of synthesis of NO. This cascade of events is called
oxidative stress. In this way, the reduction of NO and of other
relaxing factors derived from the endothelium can be accom-
panied by the increase in the production of endothelin, pros-
tanoid vasoconstrictors and Ang II [Schiffrin E L: Beyond
blood pressure: the endothelium and atherosclerosis progres-
sion. 4JH 15: 115S-122-S,2002; Shinozaki K, Ayajiki K,
Nishio Y, et al. Evidence for a causal role of the renin-angio-
tensin system in vascular dysfunction associated with insulin
resistance Hypertension 43:255-262, 2004].

[0032] The reduction of bioavailability of NO was con-
firmed in experimental models of insulin resistance, wherein
the following facts were observed: there is a correlation
between the insulin sensitivity and the basal production of
NO on healthful subjects. Insulin-resistant subjects present
impaired an endothelium-dependent vasodilator response
and the endothelial dysfunction can also be detected in
healthful subjects with first degree of relationship with the
type-2 diabetic subjects I1[Schiffrin E L: Beyond blood pres-
sure: the endothelium and atherosclerosis progression. AJ/H
15:115S-122-S,2002; Shinozaki K, Ayajiki K, Nishio Y, et al.
Bvidence for a causal role of the renin-angiotensin system in
vascular dysfunction associated with insulin resistance
Hypertension 43:255-262, 2004].

[0033] Therefore, the endothelial dysfunction seems to be a
common link between the SAH, diabetes mellitus and the
metabolic syndrome. It is known that the endothelium is a
complex and dynamic organ, which presents vasoactive,
vasoconstrictive substances such as Ang II and vasodilator
substances such as Ang-(1-7) and NO. The vasoactive sub-
stances mediates the vascular tonus, structure and the func-
tion, influencing the growth of the vascular smooth muscle,
apoptosis, platelet aggregation, adhesion of leucocytes and
monocytes and thrombosis. The balance between the vaso-
constrictive substances, the ones that generally induce the
cellular growth, and the vasodilator substances, the ones that
inhibit the cellular growth, is necessary for the maintenance
of the normal vascular structure and its function. As was said
before, within the RAS the vasodilator heptapeptide, Ang-(1-
7) exerts an important counterregulatory role, opposing to
most actions of Ang II via AT1 receptor, through its Mas,
G-protein-coupled receptor [Santos R A S, Simoes e Silva A
C, Maric C et al. Angiotensin-(1-7) is an endogenous ligand
for the protein G-coupled receptor Mas. Proc. Nad. Acd. Sci.
USA 100:8258-8263, 2003]. Its expression has already been
identified in the circulation, heart, blood vessels and kidneys.
[Santos R A S, Campagnole-Santos M J, Andrade S P. Angio-
tensin-(1-7): an update. Reg Pept 91:45-62, 200].

[0034] Ang-(1-7) in most tissues acts directly through its
Mas receptor [Santos R A S, Ferreira A J, Pinheiro SV B, et
al. Angiotensin-(1-7) and its receptor as a potential target for
new cardiovascular drugs. Expert Opin. Investig. Drugs
14(8): 1-13, 2005]. The physiological actions of Ang-(1-7)
seem to modulate the actions of Ang II, especially in situa-
tions where the activity of Ang I1is increased, as in the SAH.
Therefore, the RAS is a dual, vasoconstrictive system, repre-
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sented mainly by Ang II and, on the other hand, a vasodilator
one having Ang-(1-7) as the most important agent.

[0035] AngIlis highly correlated with the endothelial dys-
function present in subjects who are hypertensive, diabetic,
obese and have the metabolic syndrome. This peptide is
implied in the cellular growth and in the inflammatory pro-
cess evidenced in these subjects.

[0036] Thus, the oxidative stress caused by Ang II may
result in an increase in the production of endothelin (ET-1), of
the adhesion molecules such as the vascular cell adhesion
molecule (VCAM-1) and the intercellular-1 adhesion mol-
ecule (ICAM-1), nuclear factor-k B (NF-kB), interleukin 6
(IL-6), among other inflammatory mediators. The activation
of the NF-kB, in turn, promotes the synthesis of the type-1
plasminogen activator inhibitor (PAI-1), a natural inhibitor of
the type-1 plasminogen activator in atheroclerotic vessels,
resulting in damage to the fibrinolysis process [Gusik T J,
Mussa S, Gastaldi D et al. Mechanisms of increased vascular
superoxide production in human diabetes mellitus: role of
NAD(P)H oxidase and endothelial nitric oxide synthase. Cir-
culation 105: 1656-1662,2002]. On patients having the meta-
bolic syndrome, the levels of PAI1 and fibrinogen are high,
the levels of PAI-1 being correlated with the levels of plasma
insulin and with a degree of insulin resistance.

[0037] Thus, the PAI-1 seems to contribute as a factor pre-
dicting the appearance of diabetes mellitus (DM) on these
patients. In addition, the coagulation disorder in the meta-
bolic syndrome can be evidenced by the fact that the platelets
exhibit resistance to the physiological actions of insulin,
which is inhibitory of the platelet aggregation via release of
NO.

[0038] However, the functional alterations of platelets and
the activation of the coagulation cascade and of inflammation
described above, provide the appearance of a prothrombotic
and proinflammatory state, which may culminate in an ath-
erosclerotic process on patients having the metabolic syn-
drome (Schiffrin E L. Beyond blood pressure: the endothe-
lium and atherosclerosis progression. A/H 15: 115S-122-S,
2002].

[0039] In addition to the contribution of the RAS, mainly
via Ang II, in the genesis of the metabolic syndrome already
described above, interactions in different levels of this system
with insulin have been implied as a fundamental factor in the
development of DM and metabolic syndrome.

[0040] Evidences suggest that Ang II, via AT 1 receptor, can
modulate the actions of insulin. Thus, the RAS induces the
appearance of resistance to the metabolic actions of insulin,
causing hyperglycemia and rise in the cholesterol levels
(VLDL) and triglycerides, and potentiates the proliferative
effect of insulin. In addition, hyperglycemia and hyperin-
sulinemia activate the RAS through the increase in the expres-
sion of AGT, Ang II and AT1 receptors, which in turn can
induce the appearance of arterial hypertension, cardiovascu-
lar and renal dysfunction [Engeli S, Schiling G P, Gorzeliniak
K, et al. The adipose-tissue renin-angiotensin-aldosterone
system: role in the metabolic syndrome? InternJ f Biochem &
Cell Biol 35: 807-25, 2003].

[0041] Further, the oxidative stress caused mainly by Ang I1
via nicotinamide adenine dinucleotide phosphate-oxidase
(NDDPH) and NAD(P)H oxidase results in advanced glyca-
tion of amino acids in protein, lipids and nucleic acids.
[0042] As already described before, besides the synthesis
of angiotensins, the adipose tissue has other secretory prod-
ucts that interfere directly with the regulation of blood pres-
sure and/or tissular damage such as: leptin, TNF-alpha, PAI-
1, TGF-p, resistin, adiponectin and others ([Blaj S, Stanciu S,
Jurcut C, Ciobica L.; Hypertension in obese patients: a dys-
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metabolic hypertension with a possible adipocyte dysfunc-
tion mechanism. Rom J Intern Med.; 41(2): 1301-11, 2003].
[0043] Leptin influence the regulation ofthe blood pressure
through various mechanisms such as: direct activation of the
SNS and of the adrenal-pituitary axis, hydroelectrolytic bal-
ance, modulation of the endothelial function and alters the
vascular remodeling.

[0044] Adiponectin, a protein expressed specifically in the
adipocytes, is homologous to the type-VIII and type-X col-
lagens and bonds to proteins of the proteic matrix, being
therefore involved ininjury and tissular repair processes. This
protein, just as Ang II, increases the expression of TNF-alpha,
through signaling mechanisms that involve the NF-kb [Ran ],
Hirano T, Fukui T, Saito K, Kageyama H, Okada K, Adachi
M; Angiotensin II infusion decreases plasma adiponectin
level via its type 1 receptor in rats: an implication for hyper-
tension-related insulin resistance. Metabolism;
55(4):478-88, 2006]. The concentrations of TNF-alpha and
of resistin are involved with insulin resistance, endothelial
dysfunction and with high concentrations of C-reactive pro-
tein and IT-6 found in obese people, predisposing these sub-
jects to a greater morbidity and cardiovascular mortality.
[0045] These substances can interact with the RAS, rein-
forcing its actions, thus participating in the cardiovascular
and renal alterations associated to obesity and to the meta-
bolic syndrome.

[0046] U.S. Pat. No. 6,235,766 describes 1-(p-thienylben-
zyl)imidazoles as agonists of angiotensin (1-7) receptors,
processes for their preparation, their use, and pharmaceutical
preparations comprising them. The imidazoles are described
as potent, nonpeptide agonists of the postulated angiotensin
(1-7) receptors, which are preferably located in the vessels
(including endothelium), in the kidney, in the CNS, and in the
heart, and can be used for the treatment and prophylaxis of
high blood pressure, cardiac hypertrophy, cardiac insuffi-
ciency, coronary heart diseases such as angina pectoris, car-
diac infarct, vascularrestenosis after angioplasty, cardiomyo-
pathies, endothelial dysfunction or endothelial damage, e.g.,
as a result of arteriosclerotic processes or diabetes mellitus,
and also of arterial and venous thromboses.

[0047] However, in the prior art there is no application of
the use of the MAS-G-protein-coupled agonists in the treat-
ment of the metabolic syndrome, its components and its com-
plications.

[0048] It is therefore an object of the present invention, to
provide new strategies for the modulation, prevention or
treatment of metabolic syndrome or its related complications
in a subject.

[0049] According to a first aspect of the present invention,
this object is solved by a method of modulating metabolic
activities related to the clinical manifestation of the metabolic
syndrome or its complications in a subject, comprising
administering to said subject an effective amount of a MAS-
G-protein-coupled receptor agonist.

[0050] A further preferred second aspect of the present
invention then relates to a method for the prevention or treat-
ment of diseases related to the metabolic syndrome or its
complications in a subject, comprising administering to said
subject an effective amount of a MAS-G-protein-coupled
receptor agonist.

[0051] Preferably the clinical manifestations in method
according to the present invention is selected from the group
of alterations in the plasma or tissular levels of cholesterol,
plasma or tissular levels of triglycerides, plasma or tissular
levels of glucose, alterations in the body weight or in the
blood pressure, high blood pressure, cardiac hypertrophy,
cardiac insufficiency, coronary heart diseases such as angina
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pectoris, cardiac infarct, vascular restenosis after angioplasty,
cardiomyopathies, an endothelial dysfunction or endothelial
damage, e.g., as a result of atherosclerotic processes or in
diabetes mellitus, and of arterial and venous thrombosis, obe-
sity, the abdominal accumulation of body fat, and cardiac,
renal, vascular, cerebral lesions and hormonal dysfunctions.
Particularly preferred are the prevention and treatment of
obesity and the abdominal accumulation of body fat.

[0052] The present invention particularly relates to a
method which is characterized in that the MAS-G-protein-
coupled receptor agonist is either peptidic or non-peptidic.
Even more preferred examples are Mas-G-protein-coupled
receptor agonists selected from an angiotensin-(1-7) peptide
or an analog thereof or an 1-(p-thienylbenzyl)imidazole or an
analog thereof.

[0053] Preferred compounds of the latter group are selected
from 4-chloro-5-formyl-2-phenyl-1-[[4-[2-(n-butyloxycar-
bonylsulfonamido)-5-isobutyl-3-thienyl|phenyl|methyl]
imidazole, 5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(n-buty-
loxycarbonylsulfonamido)-5-isobutyl-3-thienyl|phenyl]
methyl]imidazole, 5-formyl-4-methoxy-2-phenyl-1-[[4-[2-
(n-propyloxycarbonylsulfonamido)-5-iso  butyl-3-thienyl]
phenyl]methyl]imidazole, 5-formyl-4-methoxy-2-phenyl-1-
[[4-[2-(ethoxycarbonylsulfonamido)-5-isobutyl-3-thienyl]
phenyl]methyl]imidazole, 5-formyl-4-methoxy-2-phenyl-1-
[[4-[2-(methoxycarbonylsulfonamido)-5-isobutyl-3-thienyl]
phenyl|methyl]imidazole, 5-formyl-4-methoxy-2-phenyl-1-
[[4-[2-(n-butylaminocarbonylsulfonamido)-5-isobutyl-3-
thienyl]phenyl|methyl]imidazole, 5-formyl-4-methoxy-2-
phenyl-1-[[4-[ 2-(ethylaminocarbonylsulfonamido)-5-
isobutyl-3-thienyl]phenyl|methyl]imidazole,  5-formyl-4-
methoxy-2-phenyl-1-[[4-[2-
(methylaminocarbonylsulfonamido)-5-isobutyl-3-thienyl]
phenyl|methyl]imidazole,  5-formyl-4-methoxyethoxy-2-
phenyl-1-[[4-[2-(n-butyloxycarbonylsulfonamido)-5-
isobutyl-3-thienyl]phenyl]methyl]imidazole,  5-formyl-4-
methoxy-2-phenyl-1-[[4-[2-(n-
butyloxycarbonylsulfonamido)-5-isobutyl-3-thienyl]-2-
chlorophenyl|methyl]imidazole,  5-formyl-4-methoxy-2-
phenyl-1-[[4-[2-(n-butyloxycarbonylsulfonamido)-5-
isobutyl-3-thienyl]-2-chlorophenyljmethyl]imidazole,
4-chloro-5-formyl-2-phenyl-1-[[4-[2-(n-butyloxycarbonyl-
sulfonamido)-5-n-propyl-3-thienyl|phenyl|methyl Jimida-
zole, 5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(n-butyloxy-
carbonylsulfonamido)-5-n-propyl-3-thienyl|phenyl|methyl]
imidazole, or a physiologically acceptable salt thereof;
5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(methoxycarbonyl-
sulfonamido)-5-n-propyl-3-thienyl|phenyl|methyl Jimida-
zole, 5-formyl-4-methoxy-2-phenyl-1-[[4-2-(n-butylami-
nocarbonylsulfonamido)-5-n-propyl-3-thienyl |phenyl]
methyl]imidazole, or a physiologically acceptable salt
thereof,  5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(methy-
laminocarbonylsulfonamido)-5-n-propyl-3-thienyl|phenyl]
methyl]imidazole, and physiologically acceptable salts of the
above,  5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(ethylami-
nocarbonylsulfonamido)-5-isobutyl-3-thienyl|phenyl Jme-
thyllimidazole sodium salt; 5-formyl-4-methoxy-2-phenyl-
1-[[4-[2-(ethylaminocarbonylsulfonamido)-5-isobutyl-3-
thienyl|phenyl|methyllimidazole = L-lysine salt; and
5-formyl-4-methoxy-2-phenyl-1-[[4-[2-(ethylaminocarbon-
ylsulfonamido)-5-isobutyl-3-thienyl]phenyl|methyl]imida-
zole tris(hydroxymethyl)aminomethane salt.

[0054] A further preferred aspect of the present invention
then relates to a method according to the present invention
which is characterized in that the Mas-G-protein-coupled
receptor agonist is administered to said subject in the form of
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a pharmaceutical formulation via an oral, intramuscular,
intravenous, subcutaneous, topical, transdermal, anal or inha-
lation route.

[0055] Thus, the forms of application described herein con-
tain, but are not limited thereto, the use of MAS-G-protein-
coupled receptor agonists and antagonists, including the
angiotensin-(1-7) and its analogs, 1-(p-thienylbenzyl)imida-
zole and its analogs, agonists, either peptidic or non-peptidic
and its formulations for use by the oral, intramuscular,
endovenous, subcutaneous, topical, transdermal, anal, inha-
lation (pulmonary, intranasal, intrabuccal) application routes
or as devices that may be implanted or injected for the pre-
vention and treatment of diseases.

[0056] A further preferred aspect of the present invention
then relates to a method according to the present invention
which is characterized in that the Mas-G-protein-coupled
receptor agonist is a nucleic acid encoding angiotensin-(1-7)
or its analogs or a nucleic acid encoding Mas-G-protein-
coupled receptor or its analogs.

[0057] According to the present invention, these nucleic
acids can be used for gene therapy in order to provide, in
particular endothelial cells with either a genetically encoded
Mas-G-protein-coupled receptor agonist and/or nucleic acids
that encode for Mas-G-protein-coupled receptor in order to
increase the level of Mas-G-protein-coupled receptor in said
cell as transformed. Preferably, said nucleic acid is operably
linked to a genetic element that drives the expression thereof
in the target cell or target tissue, where expression is desired.
The nucleic acids can be provided using genetic vectors that
are well known in the state of the art, such as, for example,
adenoviral constructs, and the like. Furthermore, also the
“naked” DNA can be used.

[0058] Pharmaceuticals employed according to the inven-
tion, which contain at least one agonist compound of the
invention as the angiotensin-(1-7) peptide or 1-(p-thienylben-
zyl)imidazole defined herein, and/or a physiologically toler-
able salt thereof, can be administered enterally, for example
orally or rectally, in the form of pills, tablets, film-coated
tablets, sugar-coated tablets, granules, hard and soft gelatin
capsules, solutions such as aqueous, alcoholic, or oily solu-
tions, juices, drops, syrups, emulsions, or suspensions.
Administration can also be carried out parenterally, for
example subcutaneously, intramuscularly, or intravenously in
the form of injection solutions or infusion solutions. Further
possible administration forms are, for example, percutaneous
or topical administration, in the form of ointments, creams,
pastes, lotions, gels, sprays, powders, foams, aerosols, or
solutions, or use in the form of implants. It is preferred that the
pharmaceutical formulation is administered to said subject in
the form of an implantable, injectable or orally administrable
micro- and/or nanoparticulated device.

[0059] In a further aspect thereof, the present invention is
directed at a method of isolating compounds interacting with
Mas-G-protein-coupled receptor comprising the steps of: a)
contacting Mas-G-protein-coupled receptor with at least one
potentially interacting compound, and b) measuring binding
of said compound to said Mas-G-protein-coupled receptor.
This method is suitable for the determination of compounds
that can interact with Mas-G-protein-coupled receptor and to
identify, for example, activators, agonists, competitors or
modulators of Mas-G-protein-coupled receptor, in particular
activators, agonists, competitors or modulators of the enzy-
matic activity of the Mas-G-protein-coupled receptor. An
example for such a preferred screening method is disclosed in
Zhang et al. (Zhang R, Yan P K, Zhou C H, Liao J Y, Wang M
W. Development of a homogeneous calcium mobilization
assay for high throughput screening of mas-related gene
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receptor agonists. Acta Pharmacol Sin. 2007 January; 28(1):
125-31.) Another possibility would be the use of a phage-
displayed random peptide library.

[0060] Thepotentially binding substance, whose binding to
Mas-G-protein-coupled receptor is to be measured, can be
any chemical substance or any mixture thereof. For example,
it can be a substance of a peptide library, a combinatory
library, a cell extract, in particular a plant cell extract, a “small
molecular drug”, a protein and/or a protein fragment.

[0061] The term “contacting” in the present invention
means any interaction between the potentially binding sub-
stance(s) with Mas-G-protein-coupled receptor, whereby any
of the two components can be independently of each other in
aliquid phase, for example in solution, or in suspension or can
be bound to a solid phase, for example, in the form of an
essentially planar surface orin the form of particles, pearls or
the like. In a preferred embodiment a multitude of different
potentially binding substances are immobilized on a solid
surface like, for example, on a compound library chip and the
Mas-G-protein-coupled receptor or a part thereof is subse-
quently contacted with such a chip.

[0062] TheMas-G-protein-coupled receptor employed in a
method of the present invention can be a full length protein or
a fragment with N/C-terminal and/or internal deletion(s).
Preferably the fragments are either N-terminal fragments
comprising the enzymatic region of the protein or C-terminal
fragments comprising the cytoplasmic region, depending on
whether potentially interacting compounds are sought that
specifically interact with the N- or C-terminal fragment.
[0063] Measuring of binding of the compound to Mas-G-
protein-coupled receptor can be carried out either by measur-
ing a marker that can be attached either to the Mas-G-protein-
coupled receptor or to the potentially interacting compound.
Suitable markers are known to someone of skill in the art and
comprise, for example, fluorescence or radioactive markers.
Further methods for detecting and/or measuring the binding
of the two components to each other are known in the art and
can without limitation also be used to measure the binding of
the potential interacting compound to the Mas-G-protein-
coupled receptor or Mas-G-protein-coupled receptor frag-
ments. The effect of the binding of the compound or the
activity of the Mas-G-protein-coupled receptor can also be
measured indirectly, for example, by assaying the activity of
the Mas-G-protein-coupled receptor after binding.

[0064] As a further step after measuring the binding of a
potentially interacting compound and after having measured
at least two different potentially interacting compounds at
least one compound can be selected, for example, on grounds
of the measured binding activity or on grounds of the detected
increase or decrease of Mas-G-protein-coupled receptor
activity.

[0065] The thus selected binding compound is then in a
preferred embodiment modified in a further step. Modifica-
tion can be effected by a variety of methods known in the art,
which include without limitation the introduction of novel
side chains or the exchange of functional groups like, for
example, introduction of halogens, in particular F, Cl or Br,
the introduction of lower alkyl groups, preferably having one
to five carbon atoms like, for example, methyl, ethyl, n-pro-
pyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-penty! or iso-
pentyl groups, lower alkenyl groups, preferably having two to
five carbon atoms, lower alkynyl groups, preferably having
two to five carbon atoms or through the introduction of, for
example, a group selected from the group consisting of NH,,
NO,, OH, SH, NH, CN, aryl, heteroaryl, COH or COOH
group. These modified compounds are regarded as “analogs”
of the non-peptidic compounds according to the invention.
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The “analogs” of the peptidic compounds according to the
invention can also be modified as described above, but are
mainly differing in their amino acid composition (including
modified amino acids). All analogs still exhibit some binding
to the Mas-G-protein-coupled receptor protein as screened.
[0066] The thus modified binding substances are then indi-
vidually tested with the method of the present invention, i.e.
they are contacted with the Mas-G-protein-coupled receptor
and subsequently binding of the modified compounds to the
Mas-G-protein-coupled receptor is measured. In this step,
both the binding per se can be measured and/or the effect of
the function of the Mas-G-protein-coupled receptor like, e.g.
the enzymatic activity of the Mas-G-protein-coupled receptor
can be measured. If needed, the steps of selecting the binding
compound, modifying the binding compound, contacting the
binding compound with a Mas-G-protein-coupled receptor,
and measuring the binding of the modified compounds to the
Mas-G-protein-coupled receptor can be repeated a third or
any given number of times as required. The above described
method is also termed “directed evolution” since it involves a
multitude of steps including modification and selection,
whereby binding compounds are selected in an “evolution-
ary” process optimizing its capabilities with respect to a par-
ticular property, e.g. its binding activity, its ability to activate,
or modulate the activity of the Mas-G-protein-coupled recep-
tor.

[0067] In a further embodiment of the method of the
present invention the interacting compound identified as out-
lined above, which may or may not have gone through addi-
tional rounds of modification and selection, is admixed with
suitable auxiliary substances and/or additives. Such sub-
stances comprise pharmacological acceptable substances,
which increase the stability, solubility, biocompatibility, or
biological half-life of the interacting compound or comprise
substances or materials, which have to be included for certain
routs of application like, for example, intravenous solution,
sprays, Band-Aids or pills.

[0068] In a further aspect thereof, the present invention is
directed at a pharmaceutical formulation—produced as
above—for the treatment or prevention of the metabolic syn-
drome or its complications, characterized in that it comprises
Mas-G-protein-coupled receptor agonists and pharmaceuti-
cally and pharmacologically acceptable carriers. Preferably,
said pharmaceutical formulation is characterized in that it is
present in the form of an implantable, injectable or orally
administrable micro- and nano-particulated device. The
amount of the agonists in the composition to be administered
should be an amount sufficient and appropriate to provide a
plasma concentration of the antagonist in the range of 107 to
107° molar.

[0069] In a final aspect thereof, the present invention is
directed at the use of an agonist of the Mas-G-protein-
coupled receptor for the production of a medicament for the
treatment of metabolic syndrome and related conditions as
described herein.

[0070] Divergent Signaling Routes in the Metabolic Syn-
drome Related to the RAS

[0071] Cardiovascular and renal complications are leaders
in the morbidity in patients with diabetes. The insulin-resis-
tance/hyperglycemia/Ang II triad is closely involved in the
pathogenesis of the lesions of the target-organs [Carey R M
and Siragy H M. The intrarenal renin-angiotensin system and
diabetic nephropathy. Trends Endoc Metab, 14 (6): 274-281.
[0072] Thus, like other growth factors, insulin stimulates
the MAPK pathway. The cascade begins with the phospho-
rylation of IRS and/or She proteins, which interact with the
Grb2 protein, constitutively associated to the SOS, a protein
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that as a result activates the Ras, a small G protein. The Ras
triggers the sequential phosphorylation of the cascade of the
MAPKSs, leading to the cellular proliferation and differentia-
tion [Marrero M B, Fulton D, Stepp D, Stern D M. Angio-
tensin II-induced insulin resistance and protein tyrosine phos-
phatases. Arterioscler Thromb Vasc Biol 24:2009-2013,
2004].

[0073] On the other hand, the responses of Ang II in the
vascular cells are mediated by various and complex effector
systems of the plasma membrane, such as: phospholipase (A,
C and D), adenylcyclase, PKC and ionic channels that are
activated in conjunction with a number of proteic micro-
domains formed chiefly by adaptive proteins.

[0074] These proximal pathways lead, for the most part, to
the activation of cascades such as RassMAPK/ERK and JAK/
STAT, which amplify the signal and extend as far as the
nucleus, regulating the gene expression and stimulating the
cellular proliferation [ Touyz R M. Reactive oxygen species as
mediators of calcium signaling by angiotensin II: implica-
tions in vascular physiology and pathophysiology. Antioxid
Redox Signal. (9-10):1302, 2005; Watanabe T, Barker T A,
Berk B C. Angiotensin 1] and the endothelium: diverse signals
and effects. Hypertension. 45(2):163-9, 2005; Touyz R M.
Reactive oxygen species, vascular oxidative stress, and redox
signaling in hypertension: what is the clinical significance?
Hypertension. 44(3):2248-52, 2004].

[0075] Inaddition, Ang IT stimulates the TGF-f, an impor-
tant mediator of the formation of collagen and, therefore, of
the deposition of extracellular matrix and fibrosis, the main
causes of diabetic nephropathy [Carey R M; Siragy H M, The
intrarenal renin-angiotensin system and diabetic nephropa-
thy. Trends Endocrin. Metabol. 14(6): 274-281, 2003]. In
turn, hyperglycemia reinforces the vasoconstrictive and pro-
liferative actions of Ang I1, increasing the vascular hyperpla-
sia and progression of nephrophathy.

[0076] Antagonists that can influence directly or indirectly
the activation of these cascades have been considered an
important strategy for the treatment of the cardiovascular
complications in the DM, and the antagonists of the RAS have
already demonstrated that they attenuate the progression of
the lesions of the target-organs [Carey R M and Sragy H M.
The intrarenal renin-angiotensin system and diabetic nephr-
opathy. Trends Endocrin. Metabol. 14(6). 274-281, 2003].
One of the few data in the literature referring to the mecha-
nisms of intracellular action of Ang-(1-7) is provided by
Tallant and Clark, 2003 [Tallant E A, Clark M A. Molecular
mechanisms of inhibition of vascular growth by angiotensin-
(1-7). Hypertension. October; 42(4):574-9, 2003] demon-
strating exactly that the antiproliferative effects of Ang-(1-7)
on the vascular smooth muscle are related with the inhibition
of the activity of the ERK1/2 (p44/42 MAPK).

[0077] However, in the prior art there is no application of
the use of Mas-G-protein-coupled receptor agonists in the
treatment of the metabolic syndrome, its components and its
complications.

[0078] Ang II stimulates the association and translocation
of the cytoplasmatic subunits of the NAD(P)H oxidase
(p47phox, p67phox and p40phox), resulting in activation of
this enzyme, which is the greatest source of superoxide ions
in the vasculature. The formation of reactive oxygen species
seems to be one of the main mechanisms by which Ang 11
alters the signaling of insulin. In addition, the insulin resis-
tance leads to the superexposure of the AT1 receptors, poten-
tiating the formation of free radicals in the vessels.

[0079] Another essential pathway in the signaling of insu-
lin is that of phosphatidyl-inositol 3-kinase (PI3-K). The
phosphorylation of IRS-1 creates recognition sites for mol-
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ecules with SH2 domains, such as PI3k. The PI3-K is impor-
tant in the regulation of mitogenesis, in the cellular differen-
tiation and essential to the transport of glucose stimulated by
insulin. The phosphatidilinositol-3,4,5-triphosphate gener-
ated by the PI3K regulates PDK-1 (“phosphoinositide-depen-
dent kinase 17), a serine/threonine kinase that phosphorylates
and the protein kinase B (PKB)/Akt [Sowers I R, Insulin
resistance and hypertension. Am J Physiool Heart Circ
Physiol. 286(5):H1597-1602, 2004].

[0080] Recently, it was demonstrated that, in addition to the
classical pathway dependent on calcium, the formation of
nitric oxide can be modulated through direct phosphorylation
of specific amino acids of the synthesis of endothelial NO.
The phosphorylation of serine 1177 by the protein kinase
B/AKkt, increases the enzymatic activity and the production of
nitric oxide (NO) [Fulton D, Gratton J P, McCabe T J, Fontana
J, FujioY, Walsh K, Franke t f, Parapetropoulos A, Sessa W C;
Regulation of endothelium-derived nitric oxide, production
by the protein kinase Akt. Nature, 10; 399(6736):597-601,
1999).

[0081] The ability of insulin to increase the generation of
NO has already been demonstrated in culture of endothelial
cells. Another vasodilator mechanism of insulin and IRS-1
dependent on the PI3K pathway is the reduction of [Ca2+)
through the increase of the activity of the pump Na*™—K*-
ATPase on the smooth muscle [Sowers IR, Insulin resistance
and hypertension. Am J Physiol Heart Circ Physiol. 286(5):
H1597-1602, 2004 ]. This action also includes desensitization
of the binding Ca**-MLC (“myosin light-chain”). Some data
in the literature suggest that Ang II acting on AT1 receptor
inhibits the vascular action of insulin, interfering with the
cascade of the PI3K, reducing the availability of NO. This
alteration in the PI3K pathway also alters the use and trans-
port of glucose. It was also demonstrated that the increase in
Ang II levels is associated to alteration in the GLUT4.
[0082] The action of insulin is also attenuated by proteins
tyrosine phosphathases (PTPases), which catalyzes the rapid
dephosphorylation of the insulin receptor and its substrates.
The PTP1B seems to be an important phosphathase in this
desensitization, since mice with genetic deletion for PTP1B
have an increase in the phosphorylation in tyrosine of the
insulin receptor and consequently exhibit higher insulin sen-
sitivity, keeping euglycemic with half of the insulin levels
with respect to the wild species. In addition, these animals are
resistant to obesity induced by diet.

[0083] Ang ITinduces the activation of PTP1B, via protein
kinase A (PKA), in the vascular smooth muscle; this phos-
phatase is probable a kev molecule in the inhibition of the
insulin signaling induced by Ang I [Marrero M B, Fulton D,
Stepp D, Stern D M. Angiotensin II-induced insulin resis-
tance and protein tyrosine phosphatases. Arterioscler Throm
Vasc Biol 24:2009-2013, 2004]. The interference and antago-
nism of Ang II in the intracellular insulin signaling can
explain in part the beneficial effects of the blockage of the
RAS in the insulin sensitivity and vascular function in
patients with MS.

[0084] Clinical Treatment of Metabolic Syndrome

[0085] The treatment of the metabolic syndrome should
extend the care to each of the modifiable risk factors that
promote the syndrome, like overweight and obesity, seden-
tary lifestyle and atherogenic diets.

[0086] The behavioral modification, represented by loss of
weight and by physical exercises, is the first-line therapy. The
medicament treatment for each of the components of the
syndrome should be present, if one does not achieve the
therapeutic targets for the reduction of cardiovascular mor-
bid-mortality with change of habits alone.
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[0087] The inhibition of the RAS through the use of the
ACE (ACEi) inhibitors and the Ang II receptor blockers
(ARB) have been extensively studied in the treatment of
hypertension, cardiac insufficiency, coronary artery disease
and renal diseases. Both groups of drugs consistently reduce
the risk of coronary events, cerebrovascular accident (CVA)
and microvascular complications of DM. In addition, numer-
ous studies have demonstrated the reduction in the incidence
of type-2 diabetes.

[0088] However, in the prior art there are no applications of
the use Mas, G-protein-coupled receptor agonists in the treat-
ment of the metabolic syndrome, its components and its com-
plications.

[0089] The ACEi increase insulin sensitivity on insulin-
resistant models of both animals and humans [Jauch K W,
Hartl W, Guenther B, Wicklmayer M, Rett K, Dietze G;
Captopril enhances insulin responsiveness of forearm muscle
tissue in non-insulin-dependent diabetes mellitus. Eur J. Clin
Invest. 17(5):448-454, 1987], reducing the production of Ang
1I. Various mechanisms are implied in this finding, but they
are not totally understood. The role of bradykinin (BK) was
observed by Carvalho et al [Carvalho C R, Thirone A C,
Gontijo I A, Velloso L A, Saad M I; Effect of catopril, losa-
rtan, and bradykinin on early steps of insulin action. Diabetes;
46(12):1950-1957], which describe, after acute administra-
tion of captopril to rats, an increase in the insulin receptors
induced by insulin and an increase in the phosphorylation of
IRS-1 (insulin receptor substrate 1), in the liver and in the
muscles. These procedures were accompanied by the increase
in the IRS-1/pi3-kinase in both tissues. The PI3kinase is
necessary for the translocation of GLUT1 and for the stimu-
lation of GLUT4, in addition to the metabolism of glycogen
[Czech M P, Corvera S.; Signaling mechanisms that regulate
glucose transport. J Biol. Chem. 22; 274(4):1865-1868,
1999]. Tt is believed that the IRS-1/pi3-kinase is linked to the
muscular glucose transport, as well as to the synthesis of
glycogen in the liver and muscles, and that the increase is this
association, in animals treated acutely with captopril, can
improve insulin sensitivity. In addition, this medicament
inhibits the kinase I1 (an enzyme similar to the ACE, which
acts degrading the BK), consequently generating an increase
in its concentrations.

[0090] However, in the prior art there are no applications of
the use Mas, G-protein-coupled receptor agonists in the treat-
ment of the metabolic syndrome, its components and its com-
plications.

[0091] The literature has indicated that the administration
of BK improves the action of insulin and reduces the plasma
levels of glucose [Uehara M, Kishikawa H, Isami S, Kisanuki
K, Ohkubo Y, Miyamura N, Miyata T, Yano T, Shichiri M;
Effect on insulin sensitivity of angiotensin converting
enzyme inhibitors with or without a suphydrvl group: brady-
kinin may improve insulin resistance in dogs and humans.
Diabetologia. 37(3):300-307, 1994]. Again, the study by
CARVALHO et al (1997) [Carvalho C R, Thirone A C, Gon-
tijo J A, Velloso L A, Saad M I; Effect of captopril, losartan
and bradykinin on early steps of insulin action. Diabetes;
46(12):1950-1957, 1997], demonstrated that BK increases
the number of receptors induced by insulin and the phospho-
rylation of IRS-1, as well as the association IRS1/PI3 kinase
in the liver and in the muscles, improving insulin sensitivity.
[0092] Inaddition to the use ofthe ACEis and of the ABRs,
Ang-(1-7) may be considered a potential candidate for thera-
peutic use, since this peptide is capable of inducing the pro-
duction of NO and prostaglandins 12, of modulating the
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actions of Ang 11, as well as potentiating the reduction of the
blood pressure through the ACEi.

Clinical Studies Related to the Inhibition of RAS and Meta-
bolic Syndrome

1. Studies Related to the Reduction of the Incidence of Dia-
betes:

[0093] In the HOPE (Heart Outcomes Prevention Evalua-
tion) study, the incidence of diabetes was 34% lower in the
group treated with ramipril than in the group that received
placebo [Yusuf S. Sleight P, Pogue I, Bosch I, Davies R,
Dagenais G.; Effects of an angiotensin-converting-enzyme
inhibitor, ramipril, on cardiovascular events in high-risk
patient. The Heart Outcomes Prevention Evaluation Study
Investigators. N Engl J. Med. 20; 342(3):145-53, 200. Erra-
tum in: 4; 432(18):1376, 2000. N Engl J. Med 9; 342(10):
748]. In the LIFE study (Losartan Intervention for Endpoint
Reduction in hypertension study) [Lindholm L H, Ibsen H,
Dahlof B, Devereu R B, Beevers G, by Faire U, Fyhrquist F,
Julius S, Kjeldsen S E, Kristiansson K, Lederballe-Pedersen
O, Nieminen M 8, Omvik P, Oparil S, Wedel H, Aurup P,
Edelman I, Snapinn S; LIFE Study Group; Cardiovascular
morbidity and mortality in patients with diabetes in the Losa-
rtan Intervention for Endpoint reduction in hypertension
study (LIFE): a randomized trial against atenolol. Lancet. 23;
359(9311):1004-10, 2002] Losartan was associated with
reduction of 25% in the appearance of new cases of diabetes
when compared with atenolol. The same thing occurred when
comparing patients in use of candesartan with those in use of
hydrochlorotiazide for the treatment of arterial hypertension,
with a significant reduction in the incidence of type-2 diabe-
tes. The results of the VALUE study also indicate a 23%
reduction in new cases of diabetes, when compared with
hypertensive patients treated with valsartan and amlodipine
[Julius S, Kjeldesen S E, Weber M, Brunner H R, Ekman S,
Hansson L, Hua T, Laragh ], McInnes G T, Mitchell L, Plat F,
Schortk A, Smith B, Zanchetti A; VALUE trial group; Out-
omes in hypertensive patients at high cardiovascular risk
treated with regimens based on valsartan or amlodipine: the
VALUE randomized trial. Lancet. 19; 363(9426):2022-31,
2004].

[0094] On the other hand, the CAPP (Cognition and Prog-
nosis in the Elderly by the Captopril Prefention Project) study
and STOP-HTN (Cardiovascular Events in Elderly Patients
with Isolated Systolic Hypertension) study did not show any
significant difference in the reduction of the incidence of
diabetes when compared with ACEi and ARB [Vijayaragha-
van K, Deedwania P C; The renin angiotensin system as a
therapeutic target to prevent diabetes and its complications.
Cardiol Clin. 23(2):165-83, 2005].

[0095] Possible mechanisms responsible for the reduction
in incidence of type-2 diabetes in these studies are the
improvement of the capitation of insulin-mediated glucose,
improvement in the endothelial function, increase in the acti-
vation of NO, reduction in the inflammatory response and
increase in the levels of bradykinin and Ang-(1-7) [Vija-
yaraghavan K, Deedwania P C; The renin angiotensin system
as a therapeutic target to prevent diabetes and is complica-
tions. Cardiol Clin. 23(2):165-83, 2005].

2. Studies Related to Insulin Resistance

[0096] The inhibition of ACE improves the sensitivity to
insulin, also permitting, in some cases, the withdrawal of the
sulfonylurea and reduction in the doses of insulin [De Mattia
G, Ferri C, Laurenti O, Cassone-Faldetta M, Piccoli A, San-
tucei A; Circulating catecholamines and metabolic effects of
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captopril in NIDDM patients. Diebetes CAr; 19(3):226-30,
1996]. Various studies have confirmed these data, through
clamps for evaluation of the sensitivity to insulin, as for
instance that by Paolisso in 1992, who compared lisinopril
and Placebo, that by Vuorinne-Markkola in 1995, who com-
pared enalapril and placebo, that by Falkner in 1995, com-
paring lisinopril and placebo, that by Fogarl in 1998, who
evaluated losartan by comparing it with placebo, that by
Higashiura in 1999, who compared candesartan (ARB) with
placebo, among others [Vijayaraghavan K, Deedwania P C,;
The renin angiotensin system as a therapeutic target to pre-
vent diabetes and is complications. Cardiol Clin. 23(2):165-
83,2005].

[0097] Patients carrying DM or the metabolic syndrome
have an increased risk of cardiovascular and renal diseases.
Both the DM and the metabolic syndrome are multifactor
diseases and, therefore, need an approach to various of their
risk factors such as glycemic control, anti-platelet-aggregat-
ing agent, lipid-profile control and pressoric-level control.
The benefit of the pressoric-level control in patients with
diabetes has been demonstrated in various clinical studies,
chiefly through the use of RAS blockers. The therapeutic use
of this class of pharmaceuticals in carriers of the metabolic
syndrome has reduced the morbidity-mortality risk as one
attempts to reduce the incidence of type-2 diabetes in these
patients.

EXAMPLES

[0098] The present invention will now be further explained
in the following examples without being limited thereto with
further reference to the accompanying figures. For the pur-
poses of the present invention, all references as cited are
incorporated by reference in their entireties.

[0099] FIG. 1 shows that genetic deletion of Mas did not
change the body weight of young (<10 weeks old) mice
(Example 1).

[0100] FIG. 2 shows that although genetic deletion of Mas
in FVBN mice did not produced an increase in body weight
(FIG. 1) it substantially increase the fat tissue mass (Example
2).
[0101] FIG. 3 shows that a significant lower body weight in
TG rats was observed at all ages in example 3.

[0102] FIGS. 4 and 5 show that the deletion of Mas
increases the levels of total blood cholesterol and HDL in
animals, compared to control animals (Example 4).

[0103] FIG. 6 shows that the deletion of Mas alters the
blood levels of triglycerides in animals compared to control
animals (Example 5).

[0104] FIGS. 8 and 9 show that Mas KO animals have low
insulin sensitivity, both when the area under the graph along
the time (FIG. 8) is analyzed and when a point-to-point analy-
sis along the time (FIG. 9) is made. All results are statistically
different (Example 6).

[0105] FIGS. 7, 10 and 11 show that Ko-Mas animals
exhibit fasting glycemia greater than the control group (FIG.
7), besides presenting a higher tolerance to glucose, both
when the area under the graph along the time (FIG. 10) is
analyzed and when a point-to-point analysis along the time
(FIG. 11) is made. All results are statistically different (Ex-
ample 7).

[0106] FIGS. 12 and 13 show that the mean arterial blood
pressure (MAP) of Ko-Mas animals is significantly higher
than of the control animals (WT-FVBN) (FIG. 12). However,
the heart rate (HR ) values do not differ among the experimen-
tal groups (F1G. 13) (Example 8).

[0107] FIG. 14 shows that the genetic deletion of Mas in
FVBN mice decreased the Glut-4 expression (Example 9).
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[0108] FIG. 15 shows that the leptin plasma levels are
increased in Mas-KO Mas mice (Example 10).

[0109] FIG. 16 shows that the adiponectin plasma level are
not altered in Mas-KO mice (Example 10).

[0110] FIG. 17 shows an increase in angiotensinogen and
TGF-f mRNA expression in adipose tissue of Mas-KO mice
(Example 11).

[0111] FIG. 18 shows the Mas mRNA expression in adi-
pose tissue of WT mice and SD rat (Example 2).

EXAMPLE 1

This Example Describes the Effect of Deletion of
Mas on the Body Weight of Knock-Out FVBN Mice
(Ko-Mas)

[0112] By molecular biological techniques, the gene
responsible for the synthesis of Mas was deleted in mice of
the FVBN line, for its use as a tool for the evaluation of the
role of Ang-(1-7) via Mas. Knock-out FVBN animals (Ko-
Mas) and Wild-type FVBN (WT-FVBN) control animals at
an age between 9 and 10 weeks were kept under conditions of
stable temperature and half-day light cycle with plenty of
food and water.

[0113] A total of 15 WT-FVBN animals and the 19 of
Ko-Mas were weight on a semi-analytic scale for analysis of
the total body weight. The result was analyzed statistically by
using the unpaired Student’s t test, the results that presented
P<0.05 being considered significant.

[0114] No significant difference between the groups were
observed (F1G.1).

EXAMPLE 2

Presence of Mas in the Adipose Tissue and Effect of
Mas Deficiency on the Fat Tissue Mass

[0115] This example describes the expression of Mas
mRNA in fat tissue and the effect of Mas deficiency on the fat
tissue mass (adipose tissue weight).

[0116] Sprague-Dawley rats (n=3) and WT mice (n=3)
mice were used for RT-PCR studies. After anesthesia [ket-
amine (130 mg/kg) and xylazine (0.3 mg/kg)] and blood
collection, they were sacrificed for removal of epididymal
white adipose tissue. Total mRNA was extracted and pro-
cessed as described in example 11. As shown in FI1G. 18 Mas
mRNA is expressed in mice and rat adipose tissue.

[0117] Effect of Mas deletion on fat tuissue. The
WTI-FVBN (n=6) and Ko-Mas (n=6) mice were weighed in a
semi-analytic scale to quantify the total body weight. After
anesthesia [ketamine (130 mg/kg) and xylazine (0.3 mg/kg)]
and blood collection, they were sacrificed for removal of
epididymal and retroperitoneal white adipose tissue. The tis-
sues were weighted in a semi-analytical scale and the weight
was corrected by the total body weight. The result are shown
in percent of body weight and analyzed using non-paired
student t test. A Value of P<0.05 was considered significant.
As shown in FIG. 2, genetic deletion of Mas in FVBN mice
produced an increase in the fat tissue mass. These changes can
be a direct consequence of lock of Mas in adipose tissue.

EXAMPLE 3

Effect of Chronic Increase in Plasma Levels Angio-
tensin-(1-7) on the Body Weight

[0118] This example describes the effect of chronic
increase in plasma levels angiotensin-(1-7) on the body
weight, using transgenic rats that express an angiotensin-(1-
7)-producing fusion protein.
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[0119] The body weight of transgenic rats (TGR(A1-7)
1.3292) which present an increase in the angiotensin-(1-7)
plasma levels (approximately 2.5-fold) was measured after
15, 30, 45, 60, 75 and 90 days of birth. The values were
compared with those obtained in age-matched controls, Spra-
gue Dawley rats. A significant lower body weight in TG rats
was observed at all ages (FIG. 3). This observation, which
could not be explained by changes in food intake or water
balance (data not shown), suggests that chronic administra-
tion of angiotensin-(1-7) or other receptor Mas agonists may
decrease body fat.

EXAMPLE 4

Effect of the Deletion of Mas on the Levels of Total
Blood Cholesterol and HDL in Knock-Out Mice

[0120] This example describes the effect of the deletion of
Mas on the levels of total blood cholesterol and HDL of
Knock-out FVBN mice for Mas gene (Ko-Mas).

[0121] A total of six WI-FVBN and the same number of
Ko-Mas were put on a 12-hour fasting condition before the
experiment; then they were anesthetized with Ketamin (4.5
mg/Kg)+Xylazin (0.2 mg/Kg), and an abdominal incision
was made for exposure of the aorta artery. The collection of
the arterial blood was made from a cut in the aorta artery,
close to the renal branching, the blood being collected
through a Pasteur pipette.

[0122] Theblood was then centrifuged, and one obtained a
plasma fraction that was used for the dosage according to the
specifications of the manufacturer of the Kit. The reading was
effected on a spectrophotometer in the 492-nm wavelength
for dosage of total cholesterol and HDL. The result was
analyzed statistically by using the unpaired Student’s t test,
with results that exhibited P<0.05 being considered signifi-
cant.

[0123] A significant difference between the groups was
observed, showing that the deletion of Mas increases the
levels of total blood cholesterol and HDL in these animals
when compared with the control animals (FIGS. 4 and 5).
[0124] This result shows that the genetic deletion of Mas
alters the metabolism of the animal, causing an increase in the
levels of total cholesterol and HDL, thus indicating the par-
ticipation of the Mas/Ang-(1-7) axis in the metabolic regula-
tion of cholesterol.

EXAMPLE 5

Effect of the Deletion of Mas on the Blood Levels of
Triglycerides of Knock-Out Mice

[0125] This example describes the effect of deletion of Mas
on the blood levels of triglycerides of Mas Knock-out FVBN
mice (Ko-Mas).

[0126] A total of six WI-FVBN animals and the same
number of Ko-Mas were put on a 12-hour fasting condition
before the experiment; then they were anesthetized with Ket-
amin (4.5 mg/Kg)+Xilazin (0.2 mg/Kg), and an abdominal
incision was made for exposure of the aorta artery. The col-
lection of the arterial blood was made from a cut in the aorta
artery. close to the renal branch, and blood was collected
through a Pasteur pipette.

[0127] Theblood was then centrifuged, and one obtained a
plasma fraction that was used for the dosage according to the
specifications of the manufacturer of the Kit.

[0128] The reading was effected on a spectrophotometer in
the 500-nm wavelength for dosage of the triglycerides. The
result was statistically analyzed with the unpaired Student’s t
test, results that exhibited P<0.05 being considered signifi-
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cant. A significant difference between the groups was
observed, showing that deletion of Mas increase the blood
levels of triglycerides in these animals when compared with
the control animals (FIG. 6).

[0129] This result shows that genetic deletion of Mas alters
the metabolism of the animal, causing an increase in the levels
of triglycerides, thus indicating the participation of the Mas/
Ang-(1-7) axis in the metabolic regulation of triglycerides.

EXAMPLE 6

Effect of the Deletion of Mas on Insulin Resistance
in Knock-Out Mice

[0130] This example describes the effect of deletion of Mas
on insulin resistance in Mas Knock-out FVBN mice (Ko-
Mas).

[0131] A total of six WI-FVBN animals and the same

number of Ko-Mas mice were used, which had been fed. The
test began with a measurement of basal glycemia, for which a
little cut was made at the tip of the animal’s tail for collection
of a drop of blood and measurement of the plasma concen-
tration of glucose with the help of a glycosimeter.

[0132] After intraperitoneal application of insulin at a dose
of 0.75 TU/Kg of body weight glycemia was measured at 15,
30 and 60 minutes.

[0133] The statistic analysis was carried out by using the
Two Way ANOVA test, and results exhibiting P<0.05 were
considered significant.

[0134] The results showed that the Ko-Mas animals have
higher insulin resistance, both when the area under the graph
along the time (FIG. 8) is analyzed and when one makes a
point-to-point analysis along the time (FIG. 9). All the results
were statistically different.

[0135] These data show that genetic deletion of Mas alters
the tissular resistance to glucose, causing an increase in the
glycemic levels, thus indicating the participation of the Mas/
Ang-(1-7) axis in the metabolic regulation of insulin and its
receptors.

EXAMPLE 7

Effect of Deletion of Mas on the Tolerance to Glu-
cose in Knock-Out Mice

[0136] This example describes the effect of deletion of Mas
on the tolerance to glucose in Mas Knock-out FVBN mice
(Ko-Mas).

[0137] A total of six WI-FVBN animals and the same
number of Ko-Mas were put on a 12-hour fasting condition
before the experiment. The test began with a measurement of
fasting glycemia, for which a little cut was made at the tip of
the animal’s tail for collection of a drop of blood and mea-
surement of the plasma concentration of glucose with the aid
of a glycosimeter.

[0138] After intraperitoneal application of glucose at the
dose of 2 g/Kg of body weight glycemia was measured at 15,
30, 60 and 120 minutes.

[0139] The statistic analysis was carried out by using the
Two Way ANOVA test, the results that exhibited P<0.05 being
considered significant.

[0140] Theresults showed that the Ko-Mas animals exhibit
fasting glycemia greater than the control group (FIG. 7),
besides presenting a higher tolerance to glucose, both when
the area under the graph along the time (FIG. 10) is analyzed
and when a point-to-point analysis along the time (FIG. 11) is
made. All the results were statistically different.

[0141] These data show that genetic deletion of Mas alters
the tolerance to glucose, causing an increase in the glycemia
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levels, thus indicating the participation of the Mas/Ang-(1-7)
axis in the metabolic regulation of glucose.

EXAMPLE 8

Effect of Deletion of Mas on Blood Pressure and
Heart Rate of Knock-Out Mice

[0142] This example describes the effect of deletion of Mas
on the blood pressure and heart frequency of Mas Knock-out
FVBN mice (Ko-Mas).

[0143] A total of eight WI-FVBN animals and the same
number of Ko-Mas were subjected to the measurement of
blood pressure, effected by picking up pulsatile pressure sig-
nal sent to the pressure transducer connected to the cannula
inserted into the abdominal aorta artery through the femoral
artery, by the data acquisition system (Biopac System, model
MP100, serial 96122386). The pressure oscillations picked
up were amplified and converted through an analogical/digi-
tal conversion plate into signals that fed the data acquisition
plate. Through the plate reading software, Acknowledge v.
3.5.7, the pulsatile blood pressure is collected continuously
with a sampling frequency of 2000-4000 Hz. The average
blood-pressure values (BPV) and heart frequency (HF) are
calculated from the blood-pressure pulses and recorded by
the system.

[0144] The cannulation of the femoral artery was effected
under anesthesia with Ketamine (4.5 mg/Kg)+Xilazine (0.2
mg/Kg), 24 hours before the experimental procedure. After
positioning the animal in dorsal decubitus on the operating
table, trichotomy of the left inguinal region of the animal was
carried out. A small incision in the skin was made by using
small scissors. With the help of a magnifying glass, the femo-
ral vasculo-nervous bundle was located and the femoral artery
was carefully isolated. The arterial cannula is delicately intro-
duced through the femoral artery as far as the abdominal aorta
artery.

[0145] The results were statistically analyzed by using the
unpaired Student’s t test. Results with P<0.05 were consid-
ered significant.

[0146] In conjunction, the results show that the mean arte-
rial blood pressure (MAP) of the Ko-Mas animals is signifi-
cantly higher than that of the control animals (WI-FVBN)
(FIG. 12). However, the heart rate (HF) values do not differ
among the experimental groups (FIG. 13).

[0147] These data show that genetic deletion of Mas alters
the basal values of ABP, rendering the animals hypertensive
when compared with the control (WT-FVBN) animals, thus
indicating the participation of the Mas/Ang-(1-7) axis in the
regulation of the blood pressure and genesis of the arterial
hypertension.

EXAMPLE 9

Effect of Mas Receptor Deficiency on the Expression
of the Glucose Receptor

[0148] This example describes the effect of Mas receptor
deficiency on the expression of the glucose receptor, Glut-4,
on the epididymal adipose tissue.

[0149] The WT-FVBN (n=4) and Ko-Mas (n=4) mice were
weighed in a semi-analytic scale. After anesthesia [ketamine
(130 mg/kg) and xylazine (0.3 mg/kg)] and blood collection,
they were sacrificed for removal of epididymal white adipose
tissue. Thirty ug of protein extract obtained from the epididy-
mal adipose tissue and fractionated in a polyacrylamide/SDS
(PAGE) 12% gel at 100V for 1.5 h. After the run, the proteins
were transferred to a nitrocellulose membrane and incubated
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with an antibody anti-receptor Glut-4. The result is shown in
percent of body weight and analyzed using a non-parametric
test.

[0150] As shown in FIG. 14, genetic deletion of Mas in
FVBN mice, decreased the Glut-4 expression, which may be
involved inthe increase ofthe glucose plasma levels observed
in these animals.

EXAMPLE 10

Effect of Mas Deficiency on the Plasma Levels of
Leptin and Adiponectin

[0151] This example describes the effect of Mas deficiency
on the plasma levels of leptin and adiponectin.

[0152] After anesthesia [ketamine (130 mg/kg) and xyla-
zine (0.3 mg/kg)], WI-FVBN (n=10) and Ko-Mas (n=10)
were sacrificed for blood collection. The plasma levels of
adiponectin and leptin were measured using ELISA Kits.
[0153] The leptin plasma levels are increased in Mas-KO
Mas mice (FIG. 15). A close relationship between the alter-
ation in adipose tissue weight and leptin was observed, as
shown in FIG. 15. This suggests that the individual adipocyte
production is not altered and the increase in plasma levels
results from the increase in adipose mass (FIG. 15).

[0154] Theadiponectin plasma level are not altered in Mas-
KO mice (FIG. 16). However, the individual adipocyte pro-
duction of adiponectin, estimated by normalization of the
plasma levels with the fat tissue mass, is decreased in KO
(FIG. 16).

EXAMPLE 11

Effect of Mas Deficiency on mRNA Expression of
Angiotensinogen and TGF-§ from Adipose Tissue

[0155] This example describes the effect of Mas deficiency
on mRNA expression of angiotensinogen and TGF-§ from
adipose tissue.

[0156] After anesthesia [ketamine (130 mg/kg) and xyla-
zine (0.3 mg/kg)], WI-FVBN (n=6) and Ko-Mas (n=6) were
sacrificed for adipose tissue collection. The mRNA was
extract using Trizol reagent, and the retro transcription was
performed using MML-V enzyme. The Real Time PCR was
performed on a ABI Prism platform using specific primers for
mice angiotensinogen and TGF-f.

[0157] The analyzes revealed an increase in angiotensino-
gen (FIG. 17) and TGF-f (FIG. 17) mRNA expression in
adipose tissue of Mas-KO mice.

[0158] In summary, the above examples evidence that the
Mas/Ang-(1-7) axis plays an important role in the manifes-
tation of metabolic syndrome, since this deletion, amongst
others, led the animals to an, increase in the plasma levels of
cholesterol and triglycerides, increase in insulin resistance
and in glucose intolerance, increase in fasting glycemia and
increase in blood pressure.

1. A method for:

a) modulating metabolic activities related to the clinical
manifestation of the metabolic syndrome or its compli-
cations in a subject, and/or

b) preventing and/or treating diseases related to the meta-
bolic syndrome or its complications in a subject,

wherein said method comprises administering to said sub-
ject an effective amount of a Mas-G-protein-coupled
receptor agonist.

2. The method, according to claim 1 for the prevention

and/or treatment of diseases related to the metabolic syn-
drome or its complications in a subject.
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3. The method according to claim 1, wherein said clinical
manifestations or diseases are selected from the group con-
sisting of alterations in the plasma or tissular levels of cho-
lesterol, plasma ortissular levels of triglycerides; alteration of
plasma or tissular levels of glucose; alterations in body
weight or blood pressure; high blood pressure; cardiac hyper-
trophy; cardiac insufficiency; coronary heart diseases; endot-
helial dysfunction or endothelial damage; obesity, the
abdominal accumulation of body fat; cardiac, renal, vascular,
and cerebral lesions; and hormonal dysfunctions.

4. The method according to claim 1, characterized in that
the Mas-G-protein-coupled receptor agonist is either peptidic
or non-peptidic.

5. The method according to claim 4, characterized in that
the Mas-G-protein-coupled receptor agonist is all Angio-
tensin-(1-7) peptide or an analog thereof or an 1-(p-thienyl-
benzyl)imidazole or an analog thereof.

6. The method according to claim 1, characterized in that
the Mas-G-protein-coupled receptor agonist is a nucleic acid
encoding angiotensin-(1-7) or an analog thereof, or a nucleic
acid encoding Mas-G-protein-coupled receptor or an analog
thereof.

7. The method according to claim 1, characterized in that
the Mas-G-protein-coupled receptor agonist is administered
to said subject in the form ofa pharmaceutical formulation via
an oral, intramuscular, endovenous, subcutaneous, topical,
transdermal, anal or inhalation route.

8. The method according to claim 7, characterized in that
the pharmaceutical formulation is administered to said sub-
jectin the form of an implantable, injectable or orally admin-
istrable micro- and/or nanoparticulated device.

9. A method for screening a compound that is interacting
with Mas-G-protein-coupled receptor, comprising the steps
of: a) contacting said Mas-G-protein-coupled receptor with at
least one potentially interacting compound, and b) measuring
binding of said compound to said Mas-G-protein-coupled
receptor.

10. The method according to claim 9, further comprising
the steps of: ¢) selecting a binding compound, d) modifying
the binding compound, to generate a variety of modified
binding compounds, e) contacting said Mas-G-protein-

Sep. 3, 2009

coupled receptor with each of the modified binding com-
pounds, f) measuring binding of said modified compounds to
said Mas-G-protein-coupled receptor, and g) optionally,
repeating steps g) one or more times.

11. The method according to claim 9, further comprising
the step of measuring the biological function of Mas-G-pro-
tein-coupled receptor in the presence or absence of said bind-
ing compound.

12. The method according to claim 9, wherein said binding
compound is an agonist of the Mas-G-protein-coupled recep-
tor.

13. A method for preparing a pharmaceutical formulation
for the treatment or prevention of the metabolic syndrome or
its complications, comprising admixing an agonist of the
Mas-G-protein-coupled receptor with at least one pharma-
ceutically acceptable carrier or excipient.

14. The method according to claim 13, characterized in that
the pharmaceutical formulation is suitable for administration
by an oral, intramuscular, intravenous, subcutaneous, topical,
transdermal, anal or inhalation route.

15. A pharmaceutical formulation for the treatment or pre-
vention of the metabolic syndrome or its complications, char-
acterized in that it comprises a Mas-G-protein-coupled recep-
tor agonist and a pharmaceutically acceptable carrier.

16. The pharmaceutical formulation according to claim 15,
characterized in that it is in the form of an implantable,
injectable or orally administrable micro- or nano-particulated
device.

17. The method, according to claim 1, for modulating
metabolic activities related to the clinical manifestation of the
metabolic syndrome or its complications.

18. The method, according to claim 3, wherein the coro-
nary heart disease is angina pectoris, cardiac infarct, vascular
restenosis after angioplasty, or cardiomyopathies.

19. The method, according to claim 13, wherein said ago-
nist is identified by a method comprising the steps of: a)
contacting a Mas-G-protein-coupled receptor with at least
one potentially interacting compound, and b) measuring
binding of said compound to said Mas-G-protein-coupled
receptor.
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